TITLE OF THE INVENTION 

MANUFACTURING METHODS OF DOUBLE-SPIRAL ARC TUBES 
This application is based on the applications No. 
2003-105156 and No. 2004-73962 filed in Japan the content of 
which is hereby incorporated by reference. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to manufacturing methods 
of double-spiral arc tubes and to double-spiral arc tubes that 
are each formed by hanging and holding the substantially center 
of a softened glass on the top of a mandrel and winding the glass 
tube around the periphery of the mandrel. 
Description of the Related Art 

As an energy-saving era has started, low-pressure mercury 
discharge lamps that have high lamp efficiency and long lives , 
especially fluorescent lamps, have been attracting attentions. 
The inventors of the present invention have been studying the 
possibility of applying a glass tube bent into a double spiral 
to an arc tube used in such a fluorescent lamp. The advantageous 
effect of forming an arc tube into a double spiral is that this 
kind of arc tube has a longer discharge path and higher 
light-emission luminous flux than an arc tube that is of the 
equal size on the exterior, e. g. an arc tube including three 
U-shaped glass tubes that are joined together. The following 



describes manufacturing methods of a double-spiral arc tube. 
(For example, see the Japanese Unexamined Patent Application 
Publication No. 08-339780.) 

FIGs. 1A and IB show the process of bending a straight 
5 glass tube into a double spiral. FIG. 2 shows the positional 
relationship between a heating furnace and a mandrel. 

As shown in FIG. 2, the heating furnace and the mandrel 
have a positional relationship by which the mandrel is disposed 
in front of the heating furnace so that the axis of the mandrel 
10 extends perpendicularly. 

The following explains the process of forming a double 

spiral . 

First, a glass tube 900 is heated with the use of a heating 
furnace 910, which could be an electric furnace. This heating 

15 process is performed, as shown in FIG. 1A, by placing an 
intermediate portion of the glass tube 900, which is to be formed 
into a double spiral, inside the heating furnace 910, and heating 
it until the intermediate portion gets soft. 

When the intermediate portion of the glass tube 900 placed 

20 inside the heating surface 910 has become soft, the glass tube 
900 is taken out of the heating furnace 910 by holding both ends 
thereof . The glass tube 900 is moved (in the direction indicated 
by the arrow) from the heating furnace 910 to above the mandrel 
920 disposed in front of the heating furnace 910, like the glass 



tube 900a shown with the imaginary lines in FIG. 2. The glass 
tube is then positioned with the top 921 of the mandrel 920, 
like the glass tube 900b shown with the other imaginary lines 
in FIG. 2. 

5 As shown in FIG. 2, the mandrel 920 has, at the top 921 

thereof, a pair of hook units 923 and 924 by which the glass 
tube 900 is hung and held. As shown in FIG. IB, the mandrel 
920 also has, on the periphery thereof, winding grooves 922 along 
which the intermediate portion of the glass tube 900 is to be 

10 wound so as to be formed into a desired double spiral. 

After the central portion 901b of the glass tube 900, 
shown in FIG. 2, is positioned between the pair of hook units 
923 and 924, the mandrel 920 is rotated in the B2 direction as 
well as shifted (or moved) in the C direction, as shown in FIG. 

15 IB. 

As a result of the rotation of the mandrel 920, the glass 
tube 900 is hung and fixed on the hook units 923 and 924 positioned 
on the top 921 of the mandrel 920 . Also as a result of the rotation 
and the shift of the mandrel 920, the glass tube 900 is wound 
20 along the winding grooves 922 on the mandrel 920. 

It should be noted that the glass tube 900 is inflated 
during the winding process by nitrogen gas with a constant 
pressure being sent into the glass tube 900 from the ends, which 
is hung and held by the hook units 923 and 924 of the mandrel 



920. With this arrangement, a portion of the outer surface of 
the glass tube 900 that is positioned on the winding grooves 
side is made abut on the wall surface of on the winding grooves 
922 on the periphery of themandrel 920, so that the cross sectional 
5 shape of the glass tube 900 conforms to the cross sectional shape 
of the winding grooves 922 of the mandrel 920. 

When the glass tube 900 being wound around the mandrel 
920 has made transition from the soft state to a hard state due 
to a temperature fall, the mandrel 920 is rotated in the reverse 

10 direction of the B2 direction, and the glass tube 900 being wound 
is removed from the mandrel 920. Thus, a glass tube 950 formed 
into a double spiral as shown in FIG. 1C is obtained. 

Thereafter, various kinds of processing are applied to 
the obtained glass tube 950 according tomethods that are publicly 

15 known. The processing includes : removal of the ends of the glass 
tube 950; application of a phosphor onto the inner surface of 
the glass tube 950; and enclosing and attaching electrodes at 
the ends of the glass tube 95 0 . Thus , an arc tube will be obtained . 

According to a conventional manufacturing method, 

20 however, there have beenproducts withdefects frequently because, 
for example, the glass tube 900 has not properly been wound along 
the winding grooves 922 of the mandrel 920, or even if the glass 
tube 900 has been properly wound, the double spiral happens to 
be deformed. 



More specifically, there have been many cases where , when 
the glass tube 900 is wound around the mandrel 920, the glass 
tube 900 comes out of the winding grooves 922 of the mandrel 
920, as shown in FIG. 3 (indicated with "954") . 
5 In another case, as shown in FIG. 4, although the glass 

tube 950 is formed into a double spiral, the circumferential 
diameter of the double spiral gets large in some part (indicated 
with "951"), or the diameter of the glass tube gets small in 
some part (indicated with "952", or, to the contrary , the diameter 

10 of the glass tube gets large in some part (indicated with "953") . 

As a result of manufacturing arc tubes as trial 
mass-production by a conventional manufacturing method, the 
incidence ratio of having defective products as mentioned above 
during the process of forming straight glass tubes into double 

15 spirals was approximately 50 percent. 
SUMMARY OF THE INVENTION 

In view of the aforementioned problem, an object of the 
present invention is to provide a manufacturing method of an 
arc tube by which it is possible to reduce products with defects . 

20 In order to achieve the object, the present invention 

provides a manufacturing method of a double-spiral arc tube 
formed by hanging a straight glass tube being softened by heat 
with a substantially center thereof being held on a top of a 
mandrel and winding a remaining part of the glass tube along 



winding grooves on the periphery of the mandrel, the 
manufacturing method being characterized with that the mandrel 
is disposed beneath the straight glass tube starting to be 
softened, and the glass tube in a soft state is perpendicularly 
5 lowered so as to be hung and held on the top of the mandrel. 

The expression used here "to lower the glass tube 
perpendicularly" means to move the glass tube downward 
substantially perpendicularly. The expression "a double 
spiral" denotes not only (i) a structure in which each of portions 

10 of the glass tube from a turning part, where the glass tube is 
bent and turned, up to both ends of the glass tube is spirally 
wound, but also (ii) a structure in which each of portions of 
the glass tube is spirally wound around a spiral axis from the 
turning part up to each of certain points before the ends thereof, 

15 and each of portions between the certain points and the ends 
extends parallel to the spiral axis. 

Further, the shape of the glass tube before the softening 
step is not limited. It is acceptable if, for example, the glass 
tube is straight, or the glass tube is shaped like an arc. 

20 According to the manufacturing method of the present 

invention, even if the central portion of the softened glass 
tube sags because of being soft, the direction of sagging is 
the same as the direction in which the glass tube is moved; 
therefore, it is easy to position the central portion with the 



mandrel . Accordingly , it is possible to start winding the glass 
tube around the mandrel before the temperature of the glass tube 
falls. 

In other words, even if the glass tube being in a soft 
5 state sags while being lowered perpendicularly, the direction 
of sagging matches the direction of moving the glass tube; 
therefore, it is possible to make sway of the sagging portion 
smaller, as well as to place the glass tube on the top of the 
mandrel by merely lowering the glass tube perpendicularly, 

10 because the mandrel is disposed at a position toward which the 
glass tube is moved. 

As a result, it is possible to make the period of time 
between when the glass tube starts getting soft and when the 
glass tube is placed on themandrel substantially regular. Thus, 

15 it is possible to easily and accurately manage the temperature 
of the glass tube being wound around the mandrel, and to wind 
the glass tube around the mandrel under substantially the same 
conditions . Accordingly, it is possible to prevent the diameter 
of the glass tube formed into a double spiral from being too 

20 large or too small, for instance, as observed in the products 
manufactured by a conventional manufacturing method. 

Further, the present invention provides a manufacturing 
method of a double-spiral arc tube formed by hanging a softened 
glass tube with a substantially center thereof being held on 



a top of a mandrel and winding a remaining part of the glass 
tube along winding grooves on the periphery of the mandrel, the 
manufacturing method characterized with that the ends of the 
glass tube being in a soft state are held by chuck units which 
each move toward the mandrel as the glass tube is wound around 
the mandrel, and a first speed at which the glass tube is wound 
around the mandrel is higher than a second speed at which the 
chuck units move. 

According to this method, a tension load acts the glass 
tube during the winding process; therefore, it is possible to 
prevent the glass tube diameter from being varied. More 
specifically, a tension load constantly acts on the glass tube 
in the lengthwise direction; therefore, it is possible to wind 
the glass tube around the periphery of the mandrel without having 
it loose, and to prevent the outside diameter of the glass tube 
formed into a double spiral from getting large at some part. 
BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features of the 
invention will become apparent from the following description 
thereof taken in conjunction with the accompanying drawings which 
illustrate a specific embodiment of the invention. 

In the drawings : 

FIGs . 1A and IB are drawings that schematically describe 
a conventional manufacturing method; 
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FIG . 2 shows the positional relationshipbetween a heating 
furnace and a mandrel in a conventional manufacturing method; 

FIG. 3 shows a glass tube coming out of a winding groove 
of the mandrel in the winding step of a conventional manufacturing 
5 method; 

FIG. 4 shows examples of defects in a double-spiral glass 
tube formed by a conventional manufacturing method; 

FIG. 5 is a partially cut-out front view of a compact 
self-ballasted fluorescent lamp which includes an arc tube 
10 manufactured by the manufacturing method of an embodiment of 
the present invention; 

FIG. 6 is a partially cut-out front view of an arc tube 
manufactured by the manufacturing method of the embodiment; 

FIG . 7 A is a plan view of a mandrel used in the manufacturing 
15 method of the embodiment; 

FIG. 7B is a front view of the mandrel; 

FIG. 8 is drawings that schematically describe the 
manufacturing method of the embodiment; 

FIG. 9A is a cross sectional view of a heating furnace 
20 being sectioned in the up-and-down direction at the line D1-D2 
in FIG. 8 (a) and viewed from a direction toward which the glass 
tube is moved; 

FIG. 9B is a cross sectional view of a heating furnace 
being sectioned in the up-and-down direction at the line E1-E2 
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in FIG. 8 (a) and viewed from a direction toward which the glass 
tube is moved; 

FIG. 10 shows the moving and placing step in the present 
manufacturing method; 
5 FIG. 11A is a front view showing that a glass tube being 

in a soft state is placed on the top of a mandrel; 

FIG. 11B is a plan view showing that a glass tube being 
in a soft state is placed on the top of a mandrel; 

FIG. 12A is a front view that shows a glass tube starting 
10 to be wound around the mandrel; 

FIG. 12B is a plan view that shows a glass tube starting 
to be wound around the mandrel; 

FIGs. 13A and 13B show the winding step in the 
manufacturing method of the present invention; 
15 FIG. 14 shows the correlation between the winding speed 

and the moving speed of the chuck units and the time lapse. 

FIG. 15 is a front view of a compact fluorescent lamp 
including an arc tube manufactured by the manufacturing method 
of the embodiment; and 
20 FIG. 16 shows the correlation between inside diameters 

of glass tubes and lamp efficiency. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following explains an embodiment in which the present 
invention is applied to an arc tube in a compact self -ballasted 
fluorescent lamp, with reference to the drawings FIGs. 5 through 
5 14. 

1 . STRUCTURE 

(1) OVERALL STRUCTURE 

As shown in FIG. 5, the compact self -ballasted fluorescent 
lamp 100 comprises an arc tube 110, which is formed by bending 

10 a glass tube 120 into a double spiral; a holding member 210 in 
the shape of a bottomed cylinder for holding the arc tube 110; 
an electronic ballast 300 for turning on the light in the arc 
tube 110; a case 250 that is cone-shaped and fitted to the 
circumferential wall 220 of the holding member 210 so as to cover 

15 the electronic ballast 

300; and a globe 400 that covers the arc tube 110. A base 380, 
which is the same type as one in an incandescent lamp, is attached 
to the lower side (the side that is opposite to the one into 
which the holding member 210 is fitted) of the case 250. 

20 The electronic ballast 300 is structured with electrical 

parts including capacitors 310, 330, 340, and a choke coil 320, 
and uses a series inverter method. A substrate 360 on which 
these electrical parts are mounted is attached to the holding 
member 210. 



The globe 400 is, like an incandescent lamp, made of a 
glass material with high decorativeness and is in the shape of 
an eggplant, which is so-called A-type . It should be noted that 
although the globe 400 is in the A-type shape here, the present 
5 invention is not limited to this. Also, it is also acceptable 
if no globe is used. 

The globe 400 is attached by inserting the end 405 on 
the opening side of the globe 400 into the gap between the 
circumferential wall 220 of the holding member 210 and the 
10 circumferential wall of the case 250, which is fitted to the 
circumferential wall 220. It should be noted that the globe 
400 is fixed by the adhesive 420, with which the gap between 
the holding member 210 and the case 250 is filled. 

The inner surface at the top 406 (the upper side of FIG. 
15 5) of the globe 400 is thermally joined with the projection 126 
formed at the top (the upper side of FIG. 5) of the glass tube 
120 via a heat conductive medium 410, namely a silicon resin. 
(2) ARC TUBE 
a . STRUCTURE 

20 First, explanation will be provided on the structure of 

the arc tube 110. 

As shown in FIG. 6, the arc tube 110 has a double-spiral 
structure which is made up of at least a turning part 121 and 
two spiral parts 122 and 123. The turning part 121 is formed 



by bending and turning the glass tube 120 at the center thereof. 
The two spiral parts 122 and 123 are formed by spirally winding 
portions from the turning part 121 up to the ends 124 and 125, 
around the spiral axis A in the Bl direction (hereafter this 
5 direction will be also referred to as "the winding direction") . 
A direction parallel to the spiral axis A will be referred to 
as "the spiral axis direction". 

Each of portions of the glass tube 120 from the turning 
part 121 up to predetermined points (hereafter, these points 

10 will be referred to as "the pitch increasing points" and they 
will be explained in detail later) is spirally wound with a first 
spiral pitch, which is substantially regular. Each of portions 
of the glass tube 120 from the pitch increasing points up to 
the ends 124 and 125 (hereafter, these portions will be also 

15 referred to as "the end-side portions") is wound with a second 
spiral pitch, which is larger than the first spiral pitch, in 
such a manner that each of the ends 124 and 125 is more distant 
in the spiral axis direction from a portion of the glass tube 
120 that is positioned adjacent to the end in the spiral axis 

20 direction. It should be noted that each of the spiral pitches 
mentioned here is a distance between the centers of two portions 
of the glass tube that is measured in the cross section, the 
two portions being positioned adjacent to each other in the spiral 
axis direction (indicated as Pit in FIG. 6) . 



More specifically, each of the portions of the glass tube 
120 from the turning part 121 up to the pitch increasing points, 
is wound with inclination at an angle (hereafter this angle will 
be referred to as "a spiral angle") of a to the spiral axis 
5 A. Each of the end-side portions of the glass tube 120 is wound 
with inclination at an angle of j3 , which is smaller than the 
spiral angle a, to the spiral axis A. 

On each of the ends 124 and 125 of the glass tube 120, 
an electrode 130 is enclosed and attached, the electrode 130 
10 including a filament coil 131 made of tungsten and a pair of 
lead wires 133 and 134 that holds the filament coil 131 across 
by a bead glass mounting method. 

On one end 124 of the glass tube 120, an exhaust pipe 140 
is attached at the same time as the electrode 130 is enclosed 
15 and attached. The exhaust pipe 140 is used for vacuumizing the 
inside of the glass tube 120 and for enclosing mercury and a 
buffer gas , which are to be mentioned later . A tip of the exhaust 
pipe 140 being on the end that is not joined with the glass tube 
120 is to be sealed by, for example, a tip-off method, after 
20 the inside of the glass tube 120 is exhausted, and mercury and 
a buffer gas are enclosed. 

Inside the glass tube 120, argon as a buffer gas is enclosed 
at 600 Pa, along with approximately 5 mg of mercury. As 
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additional information, it is acceptable to use a mixed gas as 
the buffer gas, for example, a mixture of argon and neon. 

A phosphor 150 of rare-earth elements is applied to the 
inner surface of the glass tube 120. As for the phosphor 150, 
5 it is acceptable to use, for example, three kinds that emit light 
in red (Y 2 0 3 :Eu) , green (LaP0 4 :Ce, Tb) and blue (BaMg 2 Ali 6 0 2 7 : Eu, 
Mn) , respectively, 
b. SPECIFIC EXAMPLES 

The arc tube 110 of the present embodiment is used in 
10 a compact self -ballasted fluorescent lamp 100, which corresponds 
to a 60W incandescent lamp. Accordingly, since the arc tube 
110 requires an amount of light that corresponds to that of a 
60W incandescent lamp, it is arranged so that the total number 
of the spiral turns made by the spiral parts 122 and 123 together 
15 is four and a half. 

The compact self-ballasted fluorescent lamp 100 is 
smaller than an incandescent lamp in size. The circumferential 
diameter Da of the arc tube 110, i. e. the diameter measured 
from one outermost point to the other outermost point of the 
20 spirally wound glass tube 120, is 36.5 mm. The inside diameter 
<t> i of the glass tube 120 is 7.4 mm. The outside diameter <t> 
o of the glass tube 120 is 9 mm. 

For the glass tube 120, which is included in the arc tube 
110, a soft glass such as a strontium-barium silicate glass is 
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used, for example. The total length of the glass tube 120 is 
390 mm. Each of the pitch increasing points of the double-spiral 
glass tube 120 is at a position turned 90 degree's around the 
spiral axis A from each of the ends 124 and 125 of the glass 
5 tube 120 toward the turning part 121. 

In each of the portions of the glass tube 120 from the 
turning part 121 up to the pitch increasing points, the pitch 
P2t between the two spiral parts positioned adjacent to each 
other in the spiral axis direction (vertical direction in FIG. 

10 6) is 20 mm, the two spiral parts being either the spiral parts 
122 and 122 or the spiral parts 123 and 123. In each of the 
same portions, the pitch Pit between the spiral part 122 and 
the spiral part 123 that are positioned adjacent to each other 
in the spiral axis direction is 10 mm. 

15 With this arrangement, the minimum distance between two 

portions of the glass tube 120 that are positioned adjacent to 
each other in the spiral axis direction is approximately 1 mm. 
It is desirable to arrange it so that the distance is 3 mm or 
smaller. One reason for this arrangement is that, when the 

20 distance is larger than 3 mm, the total length of the arc tube 
110 gets long. Also, another reason is that, when the portions 
of the glass tube 120 that are positioned adjacent to each other 
become more distant from each other in the spiral axis direction, 
there tends to be variations in luminance. 



The spiral angle a in each of the portions of the glass 
tube 120 from the turning part 121 up to the pitch increasing 
points is approximately 7 6.7 degrees. The spiral angle j3 in 
each of the portions of the glass tube 12 0 from the pitch increasing 
5 points up to the ends 124 and 125 is approximately 69.2 degrees. 
2. THE MANUFACTURING METHOD OF THE ARC TUBE 

The following describes the manufacturing method of the 
arc tube of the present invention, particularly a method of 
forming a straight glass tube into a double spiral. 
10 Firstly, explanation is provided on a mandrel 180 around 

which a glass tube 160 is to be wound. FIG. 7A is a plan view 
of the mandrel 180. FIG. 7B is a front view of the mandrel 180. 

As shown in FIGs . 7A and 7B, the mandrel 180 is in the 
shape of a circular pillar, and has, on the periphery thereof, 
15 winding grooves 182, which are spirally formed. There are two 
winding grooves 182 and each of them (i) spirally extends from 
the top 181 of the mandrel 180 toward the base thereof (the lower 
part) and (ii) is inclined at an angle a to the axis of the 
mandrel . The angle a , which is inclination angle of each winding 
20 grooves, corresponds to the spiral angle of the glass tube. 

At the top 181 of the mandrel 180, a pair of hook units 
183 and 184 is provided, on which the central portion of the 
glass tube is to be hung and held, so that the glass tube does 
not come off the mandrel 180 during the winding process. 



As shown in FIG . 7A, the pair of hook units 183 and 184 
is positioned symmetrical with respect to the center of the top 
181 (the point that conforms to the axis D of the mandrel 180) 
in a plan view. 

Each of the hook units 183 and 184 is made up of : a turning 
unit 185 (see FIG. 7B) for bending and turning the glass tube 
in the vicinity of the central portion; and a catching unit 186 
for preventing the glass tube in the vicinity of the central 
portion from coming off the top 181 of the mandrel 180 during 
the winding process. 

The lower part of the mandrel 180 is an attachment part 
187 to be attached to a driving apparatus (not shown in the drawing) . 
The driving apparatus has a function of rotating the mandrel 
180 on the axis D, while moving the mandrel 18 0 toward the direction 
of the top 181 (the upper side of FIG. 7B) along the axis D, 
as well as a function which is totally the reverse of this function. 

The glass tube is placed on the top 181 of the mandrel 
180 by positioning the glass tube between the pair of hook units 
183 and 184. 

Next, the following describes a method of manufacturing 
the glass tube which is formed into a double spiral. 

FIG. 8 is a drawing that schematically describes the 
manufacturing method of the glass tube which is formed into a 
double spiral . 
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In order to form a double spiral glass tube 120 by bending 
a straight glass tube 160, as shown in FIG. 8, four steps of 
processing are performed, such as (1) a softening step of 
softening the straight glass tube 160 in a heating furnace 170 
(see FIG. 8(a)); (2) a moving and placing step of moving the 
softened glass tube 160 (see FIG. 8(b)) so as to place it on 
the top 181 of the mandrel 18 0; (3) a winding step of winding 
the glass tube 160 that has been placed on the top of the mandrel 
180 around the periphery of the mandrel 180 (see FIG. 8(c)); 
(4) a removal step of removing the glass tube 160 that has been 
wound so as to form a double spiral from the mandrel 180. 

It should be noted that, since the drawings in FIG . 8 
and later are schematic drawings for explaining the manufacturing 
method, the glass tube, the heating furnace, the mandrel, and 
the like are out of proportion to their actual sizes. 

The following explains each of the steps: 
(1) SOFTENING STEP 
a. GENERAL OUTLINE 

In this step, the glass tube 160 gets softened by heat. 

More specifically, as shown in FIG. 8(a), the ends 161 
and 162 of the glass tube 160 are held by the chuck units 197 
and 198 so that the tube axis is horizontal. It should be noted 
that the ends 161 and 162 are not softened. As the chuck units 
197 and 198 move, a portion of the glass tube 160 positioned 
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between the chuck units 197 and 198 is heated inside the heating 
furnace 170. 

Here, the direction parallel to the tube axis of the 
straight glass tube 160 will be referred to as "the left-right 
5 direction" (the Z direction in FIG . 8 (a) ); the direction in which 
gravity acts on the glass tube 160 will be referred to "the 
up-and-down direction" (the Y direction in FIG . 8(a)); the 
direction that is orthogonal to the left-right direction and 
the up-and-down direction will be referred to as "the 
10 f ront-and-back direction" (the X direction in FIG. 8(a)). 

b. HEATING FURNACE 

The following explains the heating furnace 170 used for 
softening the glass tube 160. 

As shown in FIG. 8(a), the heating furnace 170 includes 

15 a pair of heating units 171 and 172. The heating units 171 and 
172 are disposed with a space therebetween, through which the 
glass tube 160 positioned horizontally is to be moved (hereafter, 
the space will be referred to as "the tunnel" and indicated with 
a reference number "173") . The tunnel 173 is in the shape of 

20 a tipped-over "L" so that the glass tube 160 first moves toward 
the back, and then downward. 

c. EXPLANATION ON THE STEP 

The following describes the step in which the glass tube 
160 gets softened. 



First, as shown in FIG. 8(a), the straight glass tube 
160 moves in the f ront-and-back direction toward the back (in 
the X direction) from the entrance of the tunnel 173 of the heating 
furnace 170 . 

5 FIG. 9A is a cross sectional view of the heating furnace 

170 being sectioned in the direction indicated by the arrow (in 
the up-and-down direction) at the line D1-D2 in FIG. 8(a) and 
viewed from the direction toward which the glass tube 160 is 
moved (the X direction) . 

10 The temperature of the glass tube 160 does not reach the 

softening point while it is moved toward the back. The heater 
174 heats up the glass tube 160 so that the more in the back 
the glass tube gets to, the higher the temperature of the glass 
tube gets . In other words, the temperature control of the inside 

15 of the heating furnace 170 is performed so that the temperature 
of the glass tube 160 increases up to close to the softening 
point while the glass tube 160 moves toward the back inside the 
heating furnace 170. 

When the temperature of the glass tube 160 gets close 

20 to the softening point, the direction in which the glass tube 
160 is moved changes from the f ront-and-back direction to the 
up-and-down direction (the Y direction in FIG. 8(a)). 

FIG. 9B is a cross sectional view of the heating furnace 
170 being sectioned in the direction indicated by the arrow (in 
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the up-and-down direction) at the line E1-E2 in FIG. 8(a) and 
viewed from the direction toward which the glass tube 160 is 
moved (the X direction) . 

As shown in FIG. 9B, the glass tube 160 is heated by the 
5 heater 17 4 even while it is moved downward. Due to this 
arrangement, the glass tube 160 starts sagging from the central 
portion 163 thereof. The farther down the glass tube 160 gets, 
the longer the sagging portion becomes, in the lengthwise 
direction of the glass tube 160. 

10 The expression "the tube axis direction" of the glass 

tube 160 is used when the tube axis of the glass tube 160 is 
straight. The expression "the lengthwise direction" of the 
glass tube 160 is used when the glass tube 160 is in a soft state 
and the tube axis is not straight. 

15 d. EXPLANATION IN DETAIL 

The following explains the process of forming a glass 
tube 120 into a double spiral, which is to be used in the arc 
tube 110 included in the compact self -ballasted fluorescent lamp 
100 mentioned above . The outside diameter of the straight glass 

20 tube 160 used in the forming process is 9.0 mm, and the inside 
diameter thereof is 7.4 mm. The total length Lg is 1160 mm. 
The intermediate portion, which is 390 mm in length and includes 
the central portion 163 of the glass tube 160 positioned 
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substantially at the center of the intermediate portion, is to 
be formed into a double spiral. 

As additional information, the total length of the glass 
tube 120 after being formed into a double spiral is 430 mm. The 
5 outside diameter 0 o is 9.3 mm. The inside diameter i is 7.6 
mm. The reason why the diameters and the total length are larger 
after the forming process is because the tube expands to have 
larger diameters due to the nitrogen gas sent into the glass 
tube 160 during the forming process, and the glass tube 160 gets 

10 elongated because of being soft. 

An intermediate portion (Lh) of the straight glass tube 
160, which is approximately 700 mm in length, gets heated inside 
the heating furnace 170. (This portion of the glass tube being 
heated will be referred to as "the heated portion" . ) 

15 The softening point of the glass tube 160 used in the 

embodiment is within a range of 670 to 690 degrees centigrade. 
The temperature is controlled so that the temperature of a portion 
of the glass tube 160 that is scheduled to be formed into a double 
spiral is 770 degrees centigrade (a heating target temperature) 

20 and the temperature varies in the lengthwise direction within 
a range of ± 8 degrees centigrade of the heating target 
temperature inclusive. (The specif ic portion of the glass tube 
160 to be formed into a double spiral will be referred to as 
"the double spiral scheduled portion" and is indicated with a 
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reference symbol "Ga" in FIG. 9A.) The portions on either side 
of the double spiral scheduled portion Ga of the glass tube 160 
will be referred to as "the non-forming portions", Gb and Gc 
(385mm in length, each) . 
5 The double spiral scheduled portion Ga of the glass tube 

160 having been heated and softened starts sagging gradually 
as shown in FIG. 9B. Out of the heated portion, the sagging 
portion (in the lengthwise direction of the glass tube) is 
approximately 550 mm in length and includes the double spiral 

10 scheduled portion Ga . The central portion 163 sags 
approximately 15 mm below a line that connects the chuck unit 
197 with the chuck unit 198. 

As explained so far, in this softening step, the double 
spiral scheduled portion Ga of the glass tube 160 starts sagging 

15 due to the heat. The direction of sagging, however, matches 
the direction in which the glass tube 160 is moved. Accordingly, 
there is no swaying in the f ront-and-back direction, which was 
a problem in a conventional manufacturing method, and it is easy 
to place the glass tube 160 on the top 181 of the mandrel 180. 

2 0 (2) MOVING AND PLACING STEP 
a. GENERAL OUTLINE 

In this step, the glass tube 160 having been heated in 
the heating furnace 170 is moved to the top 181 of the mandrel 
180 and placed on the top 181 of the mandrel 180. 



Particularly, in this step, an arrangement is made so that 
(i) the central portion 163 of the glass tube 160 can be placed 
on the top 181 of the mandrel 180 immediately and also, (ii) 
the double spiral scheduled portion Ga of the glass tube 160 
5 can be supplied to and parallel with the grooves 182 of the mandrel 
180, before the winding step starts. 

More specifically, firstly, the mandrel 180 is disposed 
so that it is beneath the exit of the tunnel 173 of the heating 
furnace 170, and the axis D (see FIG. 7B and FIG. 8(c)) of the 

10 mandrel 180 extends substantially perpendicularly. The glass 
tube 160 coming out of the heating furnace 170 is moved downward 
in the perpendicular direction. (Hereafter, this downward 
movement will be simply referred to as "to lower 
perpendicularly" . ) 

15 Secondly, the ends 161 and 162 of the glass tube 160 are 

spread apart in the left-right direction while the glass tube 
160 is being lowered perpendicularly, so that the central portion 
163 of the glass tube 160 abuts and is placed on the top 181 
of the mandrel 180. 

2 0 Thirdly, an arrangement is made to the glass tube 160 placed 

on the top 181 of the mandrel 180 so that each of the portions 
between the central portion 163 and the ends 161 and 162 (hereafter 
these portions will be referred to as "the straight portions") 
is substantially straight, and also the angle between each of 



the straight portions 168 and 169 and the axis D of the mandrel 
180 is the same as the spiral angle a of the glass tube 120 
formed into a double spiral (See FIG. 11A) . It should be noted 
that a is also the angle at which each of the winding grooves 

5 of- the mandrel is inclined. 

As shown in FIG. 10, a pair of supporting rollers 191 and 
192 is provided in the vicinity of the mandrel 180, in order 
to maintain the straightness of the straight portions 168 and 
169 of the glass tube 160. 

10 As shown in FIG. 11A, the supporting rollers 191 and 192 

are disposed so that the upper surfaces of the supporting rollers 
191 and 192 conform to the lower surfaces of the portions of 
the glass tube 160, respectively, the portions each being 
inclined at angle a to the axis D of the mandrel 180. Also, 

15 the supporting rollers 191 and 192 are disposed, as shown in 
FIG. 11B, on a line that conforms to the lengthwise direction 
(the Z direction) of the glass tube 160 when the glass tube 160 
is viewed in a plan view. It should be noted that in the present 
embodiment, the supporting rollers 191 and 192 are disposed so 

20 that the axes of the supporting rollers 191 and 192 are each 
positioned at a predetermined distance LI from the axis D of 
the mandrel 180 (See FIG. 11B) . 
b. EXPLANATION ON THE STEP 
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The following describes this step, mainly with reference 
to FIG. 10. 

Firstly, the positions of the pair of hook units 183 and 
184 of the mandrel 180 are adjusted so that the glass tube 160 
5 being in a soft state can be placed between the pair of hook 
units 183 and 184 just by perpendicularly lowering the glass 
tube 160. More specifically, as shown in FIG. 11B, the mandrel 
180 is rotated to make positional adjustments, so that the pair 
of hook units 183 and 184 of the mandrel 180 is positioned 

10 orthogonal to the lengthwise direction of the glass tube 160, 
in a plan view. 

Then, the glass tube 160 having been heated in the heating 
furnace 170 is perpendicularly lowered while its posture is 
maintained, from the exit of the tunnel 173 of the heating furnace 

15 170 . With this arrangement, even if the double spiral scheduled 
portion Ga of the glass tube 160 gets softened and sags, the 
direction of sagging matches the direction in which the glass 
tube is moved; therefore, it is possible to make sway of the 
double spiral scheduled portion Ga in the f ront-and-back 

20 direction small. 

Moreover, the top 181 of the mandrel 180 is disposed at 
a position that is in the direction toward which the glass tube 
160 is to be perpendicularly lowered and corresponds to the 
central portion 163 of the glass tube 160; therefore, it is 



possible to place the central portion 163 of the glass tube 160 
between the pair of the hook units 183 and 184 on the top 181 
of the mandrel 180 by simply perpendicularly lowering the glass 
tube 160. 

As a result, it is possible to make the period of time 
between when the glass tube 160 comes out of the heating furnace 
170 and when the glass tube 160 is placed on the mandrel 180 
substantially regular. Thus, it is possible to manage the 
temperature of the glass tube 160 being wound around the mandrel 
180 so that the temperature is substantially regular, and it 
is possible to wind the double spiral scheduled portion Ga of 
the glass tube 160 around the mandrel 180 under a substantially 
same condition . 

More specifically, the temperature of the central portion 
163 of the glass tube 160 as the glass tube 160 comes out of 
the heating furnace 170 is approximately 770 degrees centigrade, 
whereas the temperature of the central portion 163 of the glass 
tube 160 as the glass tube 160 is placed on the mandrel 180 is 
approximately 750 degrees centigrade. It has been found out 
that the difference in the temperatures, i.e. 2 0 degrees 
centigrade, was substantially regular . 

In addition, when the glass tube 160 coming out of the 
heating furnace 170 is perpendicularly lowered, the chuck units 
197 and 198 that hold the ends 161 and 162 of the glass tube 
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160 respectively move in the left-right directions which make 
the chuck units 197 and 198 farther apart from each other, as 
indicated with® in FIG. 10(a) . In other words , when the central 
part 163 of the glass tube 160 is perpendicularly lowered so 
as to be positioned with the top 181 of the mandrel 180, the 
chuck units 197 and 198 are controlled so that the chuck units 
197 and 198 each move in a slant direction, by which the lower 
the chuck units 197 and 198 get, the farther apart they get. 
This arrangement will be explained in detail later. 

This movement in the slant directions is performed in 
two stages such as (i) from when the glass tube 160 comes out 
of the heating furnace 170 and till when the central portion 
163 of the glass tube 160 abuts on the top 181 of the mandrel 
180 and (ii) after the central portion 163 of the glass tube 
160 abuts on the mandrel 180, the portions between the central 
portion 163 of the glass tube 160 and the ends 161, 162 are 
straightened . 

More specifically, in the first stage, transition is made 
from the state shown in FIG. 10(a) to the state shown in FIG. 
10(b) . In the second stage, transition is made from the state 
shown in FIG. 10(b) to the state shown in FIG. 10(c). 

In the first stage, the ends 161 and 162 (the chuck units 
197 and 198) of the glass tube 160 coming out of the heating 
furnace 170 are each moved in a slant direction indicated with 
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® . Then, it is arranged so that, by the time the central portion 
163 of the glass tube 160 abuts on the top 181 of the mandrel 
180, only small sagging portions (indicated with the reference 
numbers "166" and "167" in FIG . 10(b)) remain, the sagging 
5 portions being positioned (i) between the end 161 and the 
supporting roller 191 and (ii) between the end 162 of and the 
supporting roller 192, respectively. 

In the second stage, the ends 161 and 162 of the glass 
tube 160 are spread farther apart in slant directions indicated 

10 with (2), so that each of the portions of the glass tube 160 from 
the central portion 163 to the ends 161 and 162 thereof is 
substantially straight . 

The movement of the chuck units 197 and 198 in the second 
stage is controlled, as shown in FIG. 11A, so that the angle 

15 between each of the straight portions 168 and 169 and the axis 
D of the mandrel 180 is a . In the first and second stages, 
it is acceptable if the speeds of the downward movement and the 
movement in the left-right direction are the same. Also, it 
is acceptable if the speeds of the movements are different in 

20 each stage. 

Since the movement of the chuck units 197 and 198 in the 

slant directions ® and © are controlled so as to be performed 

in stages, it is possible to prevent a tension load from suddenly 

or excessively acting on the double spiral scheduled portion 
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Ga of the glass tube 160. Thus, for example, it is possible 
to inhibit the glass tube 160 from having a smaller tube diameter 
at the double spiral scheduled portion Ga . 

Accordingly, it is possible to wind the double spiral 
5 scheduled portion Ga of the glass tube 160 around the mandrel 
180 while keeping the tube diameter substantially uniform. Thus , 
it is possible to prevent the diameter of the glass tube 160 
from becoming smaller, which was a problem in a conventional 
manufacturing method. Needless to say, since a tension load 

10 in the lengthwise direction acts on the glass tube 160, there 
is no possibility that the tube diameter becomes larger. 

In addition, since the supporting rollers 191 and 192 
are provided in the vicinity of the mandrel 180, even if the 
glass tube 160 is in a soft state, it is possible to support 

15 the double spiral scheduled portion Ga, which tends to sag, of 
the glass tube 160 from underneath . Because of this arrangement, 
as shown in FIGs . 10(c) and 11A, it is possible to position each 
of the straight portions 168 and 169 of the glass tube 160 at 
an angle a to the axis D of the mandrel 180 before the winding 

20 step. In other words, it is possible to position the straight 
portions 168 and 169 so as to be parallel to each respective 
winding groove 182, when viewed from a direction orthogonal to 
the axis of the mandrel. 
(3) WINDING STEP 



a. GENERAL OUTLINE 

As shown in FIG. 13A, in this step, the mandrel 180 is 
rotated in the B2 direction so that, while the central portion 
163 of the glass tube 160 placed on the top 181 of the mandrel 
180 is hung and held by the hook units 183 and 184, the double 
spiral scheduled portion Ga of the glass tube 160 is wound along 
the. winding grooves 182 on the periphery of the mandrel 180, 
so that the glass tube 160 is formed into a double spiral. 
Particularly, in this step, a tension load acts on the glass 
tube 160 during the winding process. 

More specifically, as the double spiral scheduled portion 
Ga of the glass tube 160 is wound around the mandrel 180, the 
chuck units 197 and 198, which hold the ends 161 and 162 of the 
glass tube 160 being in a soft state respectively, move in 
directions to approach the mandrel 180. An arrangement is made 
so that the winding speed Vr (the first speed) at which the glass 
tube 160 is wound around the mandrel 180 is higher than the moving 
speed Vs (the second speed) at which the chuck units 197 and 
198 move. 

Further, as shown in FIGs . 12A and 12B which is to be 
explained later, guiding rollers 193 and 194 for guiding the 
double spiral scheduled portion Ga of the glass tube 160 being 
in a soft state into the winding grooves 182 of the mandrel 180 
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are provided each between the mandrel 180 and the aforementioned 
supporting rollers 191 and 192. 

FIG. 12B is a close-up of the mandrel 180 viewed from 
the top 181 side, when the rotation is started. The guiding 
5 rollers 193 and 194 are positioned so that (i) as shown in FIG. 
12A, the angle R at which the axis H of each of the guiding rollers 
193 and 194 crosses the axis D of the mandrel 180 is " n /2- 
a " and also (ii) as shown in FIG. 12B, in a plan view of the 
mandrel and the glass tube at the beginning of the rotation, 

10 the angle between the line F that connects the axis D of the 
mandrel with the center H of the guiding roller 194 and the line 
I is 5 / where the line I is a line that, in a plan view (See 
FIG. 12B) , passes through the axis D of the mandrel and connects 
the axis of the portion of the glass tube held by the chuck unit 

15 197 with the axis of the portion of the glass tube held by the 
chuck unit 198 . 

As shown in FIG. 12A, the outer wall of each of the guiding 
rollers 193 and 194 is depressed in the middle in an arc shape, 
so that the double spiral scheduled portion Ga of the glass tube 

20 160 can be fitted to each depression. 

Further, when the softened glass tube 160 is wound around 
the mandrel 180, as shown in FIG. 13A, a pressure gas controlled 
to have a constant pressure is sent into the glass tube 160 from 
the ends 161 and 162, so that the glass tube 160 is inflated. 



More precisely, when a predetermined period of time has passed 
after the mandrel 180 starts rotating, the pressure gas starts 
to be sent into the glass tube 160. 

As additional information, a heater (not shown in the 
5 drawing) is incorporated into the mandrel 180 so that the 
temperature of the mandrel 180 is maintained constant. More 
specifically, the temperature of the mandrel 180 is arranged 
to be lower than the softening point of the glass tube 160 to 
be wound by 150 degrees centigrade, i. e. the temperature is 

10 "150 degrees centigrade below the softening point'', and here 
it is arranged to be 500 degrees centigrade, 
b. EXPLANATION ON THE STEP 

The following explains the winding step in detail, with 
reference to mainly FIGs . 13A and 13B. 

15 After the central portion 163 of the glass tube 160 is 

placed on the top 181 of the mandrel 180 in the previous moving 
and placing step as shown in FIGs. 11A and 11B, the mandrel 180 
is rotated on the axis D in the B2 direction as well as moved 
in the C direction, as shown in FIG. 13A. It should be noted 

20 that, as for the correlation between the rotation and the move, 
it is arranged so that the mandrel 180 is moved in the C direction 
by a pitch of "P2t" in FIG. 6 for every turn of the mandrel 180. 
It should be noted that, regardless of the winding process 160 
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of the glass tube 160, the positions of the guiding rollers 193, 
194, and the supporting rollers 191, 192 are fixed. 

The chuck units 197 and 198 each move at the moving speed 
Vs in the tube axis direction of the straight portions 168 and 
169 of the glass tube 160, in other words, in such a direction 
that the softened double spiral scheduled portion Ga is supplied 
to the mandrel 180 at an angle a . 

FIG. 14 shows the correlation between the moving speed 
Vs of the chuck units 197, 198 and the winding speed Vr of the 
glass tube 160. With a lapse of time, both of the winding speed 
Vr and the moving speed Vs each linearly get higher to a 
predetermined speed, and the speeds are each maintained for a 
predetermined period of time, before the speeds each get lower 
until the movement and the winding both stop. 

The winding speed Vr is arranged to be higher than the 
moving speed Vs. Also, as shown in FIG. 14, the movement of 
the chuck units 197 and 198 starts a little while after the glass 
tube 160 starts being wound. 

The following explains the winding step. 

Firstly, as the mandrel 180 starts rotating, the double 
spiral scheduled portion Ga of the glass tube 160 is hung at 
each of the turning units 185 (see FIGs. 7A) of the mandrel 180. 
At this time, although the mandrel 180 has already started to 
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rotate, the chuck units 197 and 198 have not started to move 
yet, as shown in FIG. 14. 

Because of this arrangement, a tension load acts on the 
glass tube 160 in the lengthwise direction; therefore, it is 
5 possible to inhibit loosening of the glass tube 160, which tends 
to occur when the rotation has started. In addition, even if 
portions of the double spiral scheduled portion Ga of the glass 
tube 160 that are hung by the hook units 183 and 184 are prone 
to come off the turning units 185 at the beginning of the rotation 

10 of the mandrel 180, those portions are held by the catching units 
186; therefore, it is possible to prevent the glass tube 160 
from coming off the mandrel 18 0 . It should be noted that a portion 
of the glass tube 160 disposed between the hook unit 183 and 
the hook unit 184 becomes the turning part 121 of the glass tube 

15 120 shown in FIG. 6. 

At the beginning and during the winding process of the 
glass tube 160, as shown in FIGs. 12A and 12B, the double spiral 
scheduled portion Ga is guided into the winding grooves 182 of 
the mandrel 180 via the guiding rollers 193 and 194. As shown 

20 in FIG. 12A, the guiding rollers 193 and 194 are disposed so 
that the angle R at which the axis H of each of the guiding rollers 
193 and 194 crosses the axis D of the mandrel 180 is " n /2- 
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Because of this arrangement, it is possible to smoothly 
supply the double spiral scheduled portion Ga of the glass tube 
160 to the mandrel 180 at an angle a to the axis D of the mandrel 
180. Accordingly, when the double spiral scheduled portion Ga 
5 of the glass tube 160 is wound around the mandrel 180, it is 
possible to guide the double spiral scheduled portion Ga into 
the winding grooves 182 without failure, as well as to avoid 
having the glass tube 160 deformed since there is no forceful 
load acting on the double spiral scheduled portion Ga . Thus, 

10 it is possible to keep the tube diameter of the double spiral 
scheduled portion Ga substantially uniform. 

Further, the guiding rollers 193 and 194 are positioned 
so that the axis H of each of them is apart from the axis D of 
the mandrel 18 0 by a length of L2 , in such a manner that the 

15 double spiral scheduled portion Ga of the glass tube 160 abuts 
on the bottom of each winding groove 182. Also, during the 
winding process of the glass tube 160, it is arranged so that 
the winding speed Vr is higher than the moving speed Vs in order 
to have a tension load act on the glass tube 160, as shown in 

20 FIG. 14. 

Because of this arrangement, while the glass tube 160 
abuts on each winding groove 182 of the mandrel 180, a tension 
load acts on the glass tube 160. In other words, a load acts 
on the glass tube 160 in such a direction that makes the glass 
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tube 160 wind tighter. Accordingly, it is possible to make the 
outside diameter of the glass tube that has been formed into 
a double spiral uniform, and to inhibit the glass tube formed 
in a double spiral from having a larger outside diameter in some 
part, which is a problem in a conventional manufacturing method. 

At the same time, it is possible to wind the glass tube 
160 along the winding grooves 182 of the mandrel 180, without 
letting the double spiral scheduled portion Ga loose. Thus, 
it is possible to prevent the glass tube 160 from coming out 
of the winding grooves 182. 

In addition, when a predetermined period of time has passed 
after the mandrel 180 starts rotating in the B2 direction, 
nitrogen gas, which is an inert gas whose pressure is controlled, 
is sent into the glass tube 160 from the ends 161 and 162 of 
the glass tube 160. 

By sending nitrogen gas into the glass tube 160, it is 
possible to inflate the glass tube from the inside so that part 
of the outer surface of the glass tube 160 being wound around 
the mandrel 18 0 is in contact with each winding groove 182, the 
part of the outer surface of the glass tube 160 being positioned 
on the winding grooves 182 side. 

Because of this arrangement, it is possible to arrange 
so that, in a cross section of the glass tube 160 being wound, 
the shape of the part of the glass tube 160 that is pressed against 
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each winding groove 182 conforms to the shape of the wall surface 
of the winding groove 182 . Especially, when the shape of each 
winding groove 182 in a cross sectional view is an arc, it is 
possible to form the glass tube 160 so that the cross sections 
of the glass tube 160 are circles of a substantially uniform 
diameter . 

When the double spiral scheduled portion Ga almost 
finishes being wound around the mandrel 180 as explained above, 
while maintaining the winding speed Vr higher than the moving 
speed Vs, both of the winding speed Vr and the moving speed Vs 
are lowered gradually, until the winding and the moving both 
stop, as shown in FIG. 14. 

As explained above, even when the winding process of the 
glass tube 160 comes to an end, a tension load acts on the glass 
tube 160 in the lengthwise direction; therefore, it is possible 
to prevent the glass tube 160 from becoming loose when the winding 
process ends and thereafter. 

Accordingly, it is possible to prevent the glass tube 
formed into a double spiral from having a larger circumferential 
diameter in some part, which is a problem in a conventional 
manufacturing method. As additional information, the winding 
speed Vr and the moving speed Vs are arranged so that the ratio 
of the moving speed Vs to the winding speed Vr is 0.98. 
(4) REMOVAL STEP 
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In the removal step, as shown in FIG. 13B, the mandrel 
180 is rotated in the reverse direction of the one in the winding 
process, so that the glass tube 160 formed into a double spiral, 
which is wound around the mandrel 18 0, can be removed from the 
5 mandrel 180. 

More specifically, when the temperature of the double 
spiral scheduled portion Ga of the glass tube 160 falls, and 
the portion formed into a double spiral makes transition from 
a soft state to a hard state, the mandrel 180 is rotated in the 

10 reverse direction of the B2 direction, and also, the mandrel 
180 is moved in the reverse direction of the C direction, as 
shown in FIG. 13B, so that the glass tube 160, out of which the 
double spiral scheduled portion Ga has been formed into a double 
spiral, can be obtained. It should be noted that, in order to 

15 efficiently lower the temperature of the glass tube 160 being 
in a soft state, a pressure gas controlled to have a substantially 
constant pressure is sent into the glass tube 160 from the ends 
161 and 162 of the glass tube 160. 

While the glass tube 160 is cooled down like above, 

20 pressuredgas is sent into the glass tube 160 from the ends thereof . 
With this arrangement, it is possible to efficiently cool down 
the glass tube 160. It should be noted that, by starting to 
send the pressured gas into the glass tube 160 immediately after 
the rotation of the mandrel 180 stops, or immediately before 
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the rotation stops, it is possible to shorten the time required 
for cooling down the glass tube 160. 

It should be also noted that the obtained glass tube goes 
through steps of being made into an arc tube, such as removing 
5 extra ends of the glass tube, making the ends apart from portions 
of the glass tube that are positioned adjacent thereto in the 
spiral axis direction, applying a phosphor onto the inner surface 
of the glass tube; however, since a publicly known technique, 
which is the same as in a conventional manufacturing method, 

10 is used, explanation will be omitted. 

3. COMPARISON WITH A CONVENTIONAL MANUFACTURING METHOD 

In order to confirm the effects of themanuf acturingmethod 
described above, trial mass-production was performed in which 
straight glass tubes were formed into double spirals, and the 

15 yield of good products were calculated. The resulting yield 
was 98.9%, which is an extremely high value. As mentioned in 
the section of "DESCRIPTION OF THE RELATED ART" above, the yield 
of good products by a conventional manufacturing method is 
approximately 50%; therefore, it is considered that the present 

20 invention provides a beneficial method of forming a straight 
glass tube into a double-spiral glass tube. 

The present invention has been explained so far based 
on the embodiment. Needless to say, the present invention is 
not limited to the specific examples described in the embodiment 
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above. For example, it is possible to embody the present 
invention in the modification examples as described below. 
1. LAMPS 

(1) COMPACT SELF-BALLASTED FLUORESCENT LAMP 

5 The compact self -ballasted fluorescent lamp described 

in the embodiment above is a type of lamp that has a globe covering 
the arc tube; however, it is acceptable if, for example, the 
compact self-ballasted fluorescent lampdoes not include a globe . 

Further, the compact self-ballasted fluorescent lamp 

10 described above is a type of lamp that corresponds to a 60W 
incandescent lamp; however, it is acceptable if it is a type 
of lamp that corresponds to another kind of incandescent lamp 
such as one of 100W or 40W. It should be noted that it is possible 
to apply the manufacturing method of the present invention, 

15 although in each of such cases, the total number of the spiral 
turns made by the spiral parts of the arc tube may vary, and 
the length of the tube to be wound around the mandrel may also 
vary . 

(2) FORM OF THE ARC TUBE 

20 The arc tube described in the embodiment above is, as 

shown in FIG . 6 , formed into a double spiral in which the portions 
of the glass tube from the turning part up to the both ends thereof 
are each wound around the spiral axis; however, it is acceptable 
if portions from the turning part up to certain points before 
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the end thereof are each wound around the spiral axis, and the 
portions each positioned between the certain point and the 
respective end extend parallel to the spiral axis. 
(3) TYPES OF LAMPS 
5 In the embodiment described above, an example in which 

the present invention is applied to a compact self-ballasted 
fluorescent lamp is explained; however, it is also acceptable 
if the present invention is applied to other kinds of lamps, 
for example, a fluorescent lamp which does not include an 

10 electronic ballast, and in which a single base (e. g. GXlOq, 
GYlOq, or the like), which is not a screw-in type base (e. g. 
E17, E28, and the like), is used. 

The following explains a single-base type compact 
fluorescent lamp (hereafter, it will be simply referred to as 

15 "a compact fluorescent lamp'') which includes an arc tube 
manufactured by the aforementioned manufacturing method. 

FIG. 15 is a front view of a compact fluorescent lamp 
including an arc tube manufactured by the manufacturing method 
of the embodiment. A compact fluorescent lamp 500 in this 

20 modification example has been developed as an alternative to 
a compact fluorescent lamp of 32W to 57W (hereafter, this compact 
fluorescent lamp will be referred to as "a conventional compact 
fluorescent lamp" in order to distinguish it from the compact 
fluorescent lamp related to the present invention) , which has 



the same brightness as a 150W incandescent lamp or a low wattage 
HID lamp (a metal halide lamp) of 30W to 70W. 

An arc tube used in a conventional compact fluorescent 
lamp has a structure in which either six straight glass tubes 
are joined, or three U-shaped glass tubes are joined (the 
so-called three-U type) . The lamp efficiency is as low as 
approximately 7 5 lm/W, and there is a demand for improvement 
of the lamp efficiency. 
(A) OVERALL STRUCTURE 

As shown in FIG . 15, in the compact fluorescent lamp 500, 
an arc tube 510 formed into a double spiral is held by a resin 
case 521. The resin case 521 has, on a wall thereof opposite 
to the side on which the arc tube 510 is held, terminal pins 
522, 523, 524, 525 for making connection to a power source, as 
well as an engagement unit 52 6 which can be detachably engaged 
with a socket (not shown in the drawing) on the power source 
side . 

The resin case 521 is structured into a GX24q-type single 
base 520 with the four terminal pins 522, 523, 524, 525 and the 
engagement unit 52 6. As additional information, the compact 
fluorescent lamp 500 receives supply of high-frequency electric 
current via the single base 520. 

The arc tube 510 basically has the same structure as the 
arc tube 110 used in the compact self-ballasted fluorescent lamp 
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100 described in the embodiment above, except that the total 
length (between the electrodes) is made longer so that the total 
luminous flux when the light is turned on is equal to or higher 
than a 150W incandescent lamp. 
5 The glass tube 511 which is formed into a double spiral 

and included in the arc tube 510 is made from one glass tube 
by the manufacturing method described above. The glass tube 
511 has, substantially at the center thereof, a turning part 
512. The portions between the turning part 512 and both ends 

10 of the glass tube are the spiral parts 513 and 514 respectively, 
which are each spirally wound around the spiral axis. 

On the other end of the arc tube 510, which is opposite 
to the end on which the single base 521 is provided, a projection 
515 that projects outwardly is formed. The projection 515 will 

15 have the coldest point when the lamp is turned on. 
(B) SPECIFIC STRUCTURE 

On the inner surface of the glass tube 511 formed into 
a double spiral, a phosphor, which is the same as the one used 
in the arc tube 110 in the compact self-ballasted fluorescent 

20 lamp 100 is applied. Also, approximately 5 mg of mercury and 
a buffer gas (argon in this example) with a pressure of 400 Pa 
are enclosed in the glass tube 511. Needless to say, electrodes 
are enclosed and attached at both ends of the glass tube 511. 
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The distance between the electrodes of the arc tube 510 is 970 
mm . 

The inside diameter of the glass tube 511 is 7.4 mm and 
the outside diameter of the glass tube 511 is 9 mm. The total 
5 number of the spiral turns made by the spiral parts 513 and 514 
together, which are spirally wound around the spiral axis; is 
ten. The circumferential diameter Da2 of the arc tube 510 is 
4 0 mm and the total length L2 of the compact fluorescent lamp 
500 is 140 mm with the single base 521 included. 

10 (C) LAMP PERFORMANCE 

When the compact fluorescent lamp 500 with the 
aforementioned structure is turned on with a lamp input of 28W, 
while being positioned with the single base 520 side up, the 
total luminance flux is 2380 lm, and the lamp efficiency is 85.0 

15 lm/W. Additionally, a bulb wall loading of the arc tube 510 
when the lamp is turned on is 0.12 W/cm 2 . The rated life is 
approximately 11,000 hours. 

As for a conventional 32W compact fluorescent lamp, the 
total length of the lamp is 145 mm, and the circumferential 

20 diameter of the arc tube is 40 mm. When this lamp is turned 
on with a lamp input of 32W, while being positioned with the 
base side up, the total luminance flux is 2400 lm, and the lamp 
efficiency is 75 lm/W, whereas the rated life is 10,000 hours. 
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Accordingly, the compact fluorescent lamp 500 that 
includes an arc tube manufactured by the manufacturing method 
of the present invention is slightly more compact than a 
conventional lamp in terms of the size, and realizes an 
5 improvement of lamp efficiency by 13% and an improvement of rated 
life by 10% in terms of the lamp performance, while having 
substantially the same luminous flux as a conventional lamp. 
(D) LAMP EFFICIENCY 

The inventors studied about structures of arc tubes used 
10 in compact fluorescent lamps by which it is possible to improve 
the lamp efficiency. More specifically, the inventors 
investigated into the correlation between the diameters of glass 
tubes used in arc tubes and the lamp efficiency. 

To explain in details, the lamp efficiency was measured 
15 while the inside diameter of the glass tube is varied within 
a range of 5 . 0 mm to 12 mm inclusive, and the bulb wall loading 
of the arc tube is set at 0.14 W/cm 2 , whereas the lamp input 
is set at 28W. 

Here, the reason why the bulb wall loading of the arc 
20 tube used in this test is set at 0.14 W/cm 2 can be explained 
as follows : In a conventional compact fluorescent lamp, the bulb 
wall loading of the arc tube is set at 0.08 W/cm 2 or larger in 
order to maintain compactness of the lamp to some extent, and 
also the bulb wall loading needs to be 0.20 W/cm 2 or smaller, 



in order to achieve at least 6,000 hours of rated life. With 
these factors taken into consideration, the bulb wall loading 
is set at 0.14 W/cm 2 in order to make the lamp compact as well 
as make the life span long. 
5 FIG. 16 shows the correlation between inside diameters 

of glass tubes and lamp efficiency. 

As shown in FIG. 16, lamp efficiency is at its maximum 
when the inside diameter of the glass tube is approximately 8 
mm. It can be observed that lamp efficiency is not so much lower 

10 than the maximum value when the inside diameter of the glass 
tube is within a range of 6.5 mm to 9.5 mm. Accordingly, for 
this reason, a glass tube with an inside diameter of 7.4 mm is 
used in the arc tube of the compact fluorescent lamp, so that 
the lamp efficiency can be improved compared to a conventional 

15 compact fluorescent lamp. 
(E) MANUFACTURING METHOD 

In the field of fluorescent lamps, there are various kinds 
of shapes for arc tubes used in fluorescent lamps. Among those 
is a double spiral arc tube used in a compact self-ballasted 

20 fluorescent lamp, which is described in the embodiment above. 
The inventors presumed that if the arc tube of the compact 
fluorescent lamp explained here was formed into a double spiral, 
like the arc tube of a compact self-ballasted fluorescent lamp, 
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the lamp would be more compact than a conventional three-U type 
lamp . 

In the compact fluorescent lamp, however, the distance 
between the electrodes, i. e. the total length of the glass tube, 
5 is larger than the arc tube of a compact self -ballasted 
fluorescent lamp; therefore, when the manufacturing method 
explained in the "RELATED ART" section is used, it is not possible 
to keep the glass tube in an optimal soft state and to form the 
glass tube into a double spiral properly. 

10 In other words, when the glass tube is longer, because 

the glass tube sways more, the period of time between when the 
glass tube comes out of a heating furnace and when the glass 
tube is placed on a mandrel is longer; therefore , the temperature 
of the glass tube falls before predetermined portions of the 

15 glass tube finish being wound around a mandrel, and the glass 
tube gets broken. On the contrary, when the heating temperature 
of the glass tube is raised so that the glass tube can be maintained 
in a soft state up to the ends thereof, there is a problem that 
the glass tube gets too soft, and the central portion of the 

20 glass tube gets elongated more than necessary due to its own 
weight . 

Now, the problem occurred in the conventional 
manufacturing method can be solved when the manufacturing method 
of the present invention intended for manufacturing an arc tube 
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of a compact self -ballasted fluorescent lamp is applied to 
manufacturing of an arc tube in a compact fluorescent lamp, 
because it is possible to move the glass tube from the heating 
furnace to the top of the mandrel in a smooth manner. 
5 As additional information, a straight glass tube used 

for manufacturing the arc tube of the compact fluorescent lamp 
is 1, 500 mm in length, and an intermediate portion of which, 
being 1,200 mm in length, is heated and wound around a mandrel. 
As additional information, when the total length of the glass 

10 tube is larger, a heating furnace and the like that are to be 
used are also larger. 
2. HEATING FURNACE 

In the embodiment described above, a tunnel-type heating 
furnace is used, and the tunnel has a shape like a tipped-over 

15 "L" so that a straight glass tube can be moved at first in a 
f ront-and-back direction and then in a up-and-down direction, 
and the glass tube gets softened especially while it is moved 
downward . 

It is possible, however, to embody the present invention 
20 using other types of heating furnace. For example, in the 
embodiment described above, it is arranged so that the tunnel 
extends in the f ront-and-back direction and the up-and-down 
direction; however, it is acceptable if the tunnel extends only 
in the up-and-down direction. Alternatively, it is also 
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acceptable if the glass tube is not moved until the glass tube 
is in a soft state or until the glass tube starts coming into 
a soft state, and then the glass tube is perpendicularly lowered 
after that. 

5 With each of these arrangements also, it is possible to 

have advantageous effects of being able to easily place the 
softened glass tube on the top of the mandrel, like in the 
embodiment described above, since the glass tube being in a soft 
state is perpendicularly lowered. More precisely, it is 

10 acceptable if the glass tube is heated, and when the central 
portion thereof starts sagging due to being soft, the glass tube 
is moved in a direction in which the central portion sags. 

Further, in the embodiment described above, the glass 
tube is not rotated inside the heating furnace; however, it is 

15 acceptable if the glass tube is rotated on the axis while being 
moved, as long as the glass tube has not got soft. With this 
arrangement, at a certain point of the glass tube, the outer 
surface of the glass tube can be heated to a substantially uniform 
temperature . 

2 0 3. CONDITIONS OF HEATING 

In the embodiment described above, the temperature of 
the heating furnace is controlled so that the temperature of 
the double spiral scheduled portion of the glass tube gets to 
770 degrees centigrade; however, it is acceptable if the 
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temperature of the double spiral scheduled portion of the glass 
tube is within a range between the softening point of the glass 
and "150 degrees centigrade over the softening point of the glass" 
inclusive . 

The reason for this arrangement is that, when the 
temperature of the double spiral scheduled portion is lower than 
the softening point, viscosity of the double spiral scheduled 
portion is high, and it is difficult to bend the glass tube along 
the mandrel . On the contrary, when the temperature of the double 
spiral scheduled portion is higher than "150 degrees centigrade 
over the softening point", viscosity of the double spiral 
scheduled portion is low, and then, the double spiral scheduled 
portion sags more, and the glass tube gets loose in the winding 
process . 

As additional information, when the temperature of a glass 
tube is around the softening point, it is possible to bend the 
glass tube to a curvature of some extent. More precisely, when 
the diameter of a double spiral to be formed is large, it is 
always possible to form it, but when the diameter of a double 
spiral to be formed is too small, it is not always possible to 
form it. 

In the case explained above in the embodiment, where the 
diameter of the double spiral is 36.5 mm and the inside diameter 
<J)i of the glass tube 120 is 7.4 mm, it is difficult to wind 
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the glass tube if the temperature of the glass tube is around 
the softening point; therefore, it is necessary to arrange so 
that the temperature is within a range between "100 degrees 
centigrade over the softening point" and "150 degrees centigrade 
5 over the softening point" inclusive. 

Further, the smaller a range within which the temperature 
of the double spiral scheduled portion varies in the lengthwise 
direction is, the better; however, it is learned that, as long 
as the range is within ±8 degrees centigrade inclusive, the 

10 glass tube does not elongate partially, even if a tension load 
acts on the glass tube in the lengthwise direction during the 
winding process. 

When the temperature of some part of the glass tube gets 
higher than the aforementioned range, such a portion elongates 

15 partially during the winding process. Then, the thickness of 
the glass tube gets extremely small, and also the diameter of 
the glass tube gets smaller. Conversely, when the temperature 
of some part of the glass tube gets lower than the aforementioned 
range, such a portion gives into the tension load in the lengthwise 

20 direction during the winding process, and in a worse cases, the 
glass tube gets broken. 
4. PLACEMENT OF THE MANDREL 
(1) MOVABILITY OF THE MANDREL 
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In the embodiment described above, the mandrel is fixed 
at a position beneath the softened glass tube; however, it is 
also acceptable that the mandrel is movable . It should be noted, 
however, that in such a case it is necessary to have a step of 
5 moving the mandrel to a position beneath the glass tube before 
the lowest position of the glass tube that starts to get soft 
reaches a predetermined position (the predetermined position 
is a position that corresponds to the top of the mandrel in a 
case where the mandrel is fixed beneath the glass tube) . 

10 (2) DURING THE PLACING PROCESS OF THE GLASS TUBE 

In the embodiment described above , the mandrel is disposed 
so that the axis thereof extends perpendicularly. The 
arrangement is made this way so that it is easy to place the 
glass tube on top of the mandrel. More specifically, in a plan 

15 view of the mandrel, the distance between the pair of hook units 
gets largest when the axis of the mandrel extends perpendicularly . 
Accordingly, as long as it is possible to place the glass tube 
on the top of the mandrel, the mandrel may be somewhat tilted 
rather than extending exactly perpendicularly. 

2 0 (3) DURING THE WINDING PROCESS OF THE GLASS TUBE 

In the embodiment described above, the mandrel is disposed 
so that the axis thereof extends perpendicularly. The 
arrangement is made this way so that it is easy to wind the glass 
tube along the winding grooves of the mandrel . More specifically, 



when the axis of the mandrel extends perpendicularly, it is 
possible to dispose the glass tube so that it is positioned 
symmetrical with respect to the mandrel, around which the glass 
tube is to be wound. Accordingly, it is easy to control the 
5 direction and the speed of the movement of the chuck units ; however, 
as long as it is possible to wind the glass tube around the mandrel 
normally, the axis of the mandrel may be tilted rather than 
extending exactly perpendicularly. 
5. THE WINDING SPEED AND THE MOVING SPEED 

10 In the embodiment described above, the ratio of the winding 

speed to the moving speed is 1.02. In other words, the ratio 
of the moving speed to the winding speed is 0 . 98 . The arrangement 
is made this way so that a tension load in the lengthwise direction 
acts on the glass tube. 

15 However, it is acceptable if the ratio of the moving speed 

to the winding speed is no smaller than 0.6 and is smaller than 
1.0. 

The reason for this is that when the ratio of the moving 
speed to the winding speed is 1.0 or larger, a tension load in 
20 the lengthwise direction does not act on the glass tube, and 
the glass tube gets loose during the process of winding the glass 
tube around the mandrel, and that makes it impossible to wind 
the glass tube on the mandrel. On the contrary, when the ratio 
of the moving speed to the winding speed is smaller than 0.6, 
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the glass tube gets elongated too much, and the thickness of 
the glass tube becomes small. That makes it impossible to form 
the glass tube because the glass tube gets cracked or broken. 

As a result of performing an experiment of winding a glass 
5 tube while having an arrangement wherein the ratio of the moving 
speed to the winding speed is no smaller than 0 . 6 and is smaller 
than 1.0, the glass tube did not get elongated too much, and 
the glass tube did not get loose, either. 

In the embodiment described above, there is no specific 

10 explanation provided on the moving speed and the winding speed; 
however, these speeds are determined based on the softness, the 
outside diameter, and the thickness of the glass tube, as well 
as the curvature of the glass tube being bent so as to be wound 
around the mandrel. 

15 6. POSTURE OF THE GLASS TUBE 

In the embodiment described above, in the softening step 
and the moving and placing step, the glass tube is held 
substantially horizontally; however, as long as it is possible 
to perpendicularly lower the glass tube being in a soft state, 

20 it is acceptable to hold the glass tube at an angle rather than 
horizontally. It should be noted, however, that when the glass 
tube is horizontal, it is easier to manage the sagging since 
a portion that sags when being soft is fixed. Also, since the 
sagging portion is positioned symmetrical in the lengthwise 
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direction, with respect to the point at which the glass tube 
sags the most, there is an advantageous effect that it is easier 
to place the glass tube on the top of the mandrel. 
7 . MOVEMENT OF THE CHUCK UNITS IN THE MOVING AND PLACING STEP 

In the embodiment described above, after the glass tube 
comes out of the heating furnace, the chuck units each move in 
a direction that makes the ends of the glass tube farther apart 
from each other while perpendicularly lowering the glass tube; 
however it is also acceptable if the chuck units move after the 
softened glass tube is perpendicularly lowered until the central 
portion of the glass tube reaches the top of the mandrel. 
8. THE SUPPORTING ROLLERS 

(1) THE NUMBER OF THE SUPPORTING ROLLERS 

In the embodiment described above, two supporting rollers 
are used in order to support each of the portions positioned 
between the central portion of the glass tube and the ends ; however, 
the number of the supporting rollers is not limited to this. 
For example, it is acceptable to use two or more supporting rollers 
on one side. Also, the number of the supporting rollers used 
on each side does not have to be equal. For example, it is 
acceptable that one of the straight portions is supported by 
two supporting rollers and the other of the straight portions 
is supported by one supporting roller. 
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Additionally, it is assumed that the larger the number 
of the supporting rollers being used is, the better the 
straightness of each straight portion tend to be; however, the 
inventors have confirmed that, when the glass tube length is 
5 as described in this specification, with at least one supporting 
roller on each side, it is possible to achieve straightness at 
a certain level by which no problem is caused during the forming 
process . 

(2) SHAPES OF THE SUPPORTING ROLLERS 

10 In the embodiment described above, the shape of each 

supporting roller is cylindrical; however, it is acceptable to 
use a supporting roller whose cross section is in the shape of 
a "V", as long as the central portion thereof in the axis direction 
is not thicker than the ends thereof. Additionally, it is 

15 desirable that each of the supporting rollers rotates on the 
axis . 

(3) POSITION OF THE SUPPORTING ROLLERS 

In the embodiment described above, there is no specific 
explanation provided on positions of the supporting rollers; 
20 however, it is acceptable if the supporting rollers are 
positioned so that the supporting rollers are in contact with 
neither of the chuck units and the guiding rollers, while the 
glass tube is wound around the glass tube. It should be noted 
that it has been confirmed by an experiment that, with the 



arrangement mentioned above, it is possible to support a glass 
tube being in a soft state in such a manner that the glass tube 
is substantially straight from the central portion to the ends 
thereof . 
5 9. THE GUIDING ROLLERS 

(1) SHAPES OF THE GUIDING ROLLERS 

In the embodiment described above, the guiding rollers 
used are shaped so that the outer wall of each of them is depressed 
in the middle in an arc shape; however, alternatively it is also 

10 acceptable if, for example, the guiding rollers are shaped so 
that each of them has a step-like depression where the middle 
of the outer wall in the axis direction is narrower than the 
outside diameters of the ends. Additionally, it is desirable 
that each of the guiding rollers rotates on the axis. 

15 (2) POSITION OF THE GUIDING ROLLERS 

In the embodiment described above, there is no specific 
explanationprovidedonpositions of the guiding rollers; however, 
it is acceptable if the guiding rollers are at such positions 
that make it possible to wind the glass tube along the winding 

20 groves of the mandrel without the glass tube being loose. The 
positions of the guiding rollers are determined based on the 
softness, the outside diameter, and the thickness of the glass 
tube, as well as the curvature of the glass tube being wound 
around the mandrel . It shouldbe noted, however, that the guiding 
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rollers need to be disposed between each supporting roller and 
the mandrel, respectively. 

10. PRESSURE GAS USED IN THE WINDING PROCESS 

(1) KINDS OF PRESSURE GAS TO BE USED 

In the embodiment described above, nitrogen gas being 
an inert gas is used as a pressure gas to be sent into the glass 
tube during the winding process; however, it is acceptable if 
other kinds of gas are used. For example, helium or argon, both 
of which are an inert gas likewise, or air can be used. It should 
be noted, however, that it is desirable that an inert gas is 
used because a gas is sent into a glass tube being in a soft 
state and therefore there is a possibility that substances 
composing the glass tube may react to the gas. 

(2) PRESSURE OF THE PRESSURE GAS 

In the embodiment described above, there is no specific 
explanation provided on pressure of the pressured gas; however, 
the pressure is determined based on the tube diameter and the 
thickness of the glass tube to be used, as well as the diameter 
of the double spiral to be formed, in other words, the curvature 
of the glass tube being bent so as to be wound around the mandrel 
and the softness of the glass tube. 

Additionally, when the pressure of the pressure gas is 
too high, the diameter of the glass tube gets large, and in a 
worse case, the glass tube gets broken. On the contrary, when 
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the pressure is too low, the glass tube does not get inflated 
sufficiently, and the double spiral may be formed with 
deformation. 

(3) TIMING OF SENDING IN THE PRESSURE GAS 

5 In the embodiment described above, there is no specific 

explanation provided on the timing at which a pressure gas is 
sent into the glass tube, following the beginning of the rotation 
of the mandrel after the glass tube being in a soft state is 
placed on the top of the mandrel ; however, the timing is determined 

10 based on the softness of the glass tube to be used and the level 
of acceleration for the speed of the mandrel rotation. 

It should be noted that when a pressure gas is sent into 
the glass tube too early, a portion of the glass tube that is 
placed on the top of the mandrel gets inflated too much. When 

15 a pressure gas is sent into the glass tube too late, it becomes 
difficult to inflate the glass tube. 

(4) SENDING IN THE PRESSURE GAS 

In the embodiment described above, the gas is sent into 
the glass tube from both ends of the glass tube; however, it 
20 is also acceptable if one end of the glass tube is closed, and 
the gas is sent into the glass tube from the other end. It is 
possible to inflate the glass tube from the inside also with 
this arrangement . 

11. GAS FOR COOLING DOWN THE GLASS TUBE 



(1) KINDS OF GAS 

In the embodiment described above, air at normal 
temperature is used as a cooling gas that is sent into the glass 
tube when the winding process is finished; however, it is possible 
to use a pressure gas that is the same as the one sent into the 
glass tube during the winding process (nitrogen gas in the example 
above) . 

(2) PRESSURE OF THE PRESSURED GAS 

In the embodiment above, there is no specific explanation 
provided on pressure of the pressured gas; however, the pressure 
is determined based on the tube diameter, the thickness, and 
the length of the glass tube to be used, as well as the diameter 
of the double spiral to be formed, in other words, the curvature 
of the glass tube being wound around the mandrel. 

It should be noted that when the pressure is high, the 
cooling effect is also high, but there is a possibility that 
the glass tube may get broken due to rapid cooling. Conversely, 
when the pressure is low, the cooling effect is also low, and 
productivity gets worse because it takes longer to lower the 
temperature of the glass tube. 

(3) SENDING IN THE GAS 

In the embodiment described above, the pressure gas is 
sent into the glass tube from the ends of the glass tube ; however, 
it is also acceptable if a first end of the glass tube is kept 
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open, and the air inside the glass tube is sucked out from the 
second end so that air is sent into the glass tube from the first 
end. Alternatively, although the gas is sent into the glass 
tube from both ends in the embodiment described above, it is 
acceptable to, for example, make one end of the glass tube open 
and send the gas into the glass tube from the other end. 

Although the present invention has been fully described 
by way of examples with reference to the accompanying drawings, 
it. is to be noted that various changes and modifications will 
be apparent to those skilled in the art. Therefore, unless such 
changes and modifications depart from the scope of the present 
invention, they should be construed as being included therein. 
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